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57 ABSTRACT 
A system is provided which enables winglets to be 
added to existing wing structures of 727 model aircraft 
to increase fuel efficiency while providing a means for 
redistributing additional loads created by the winglets 
so that modified aircraft can be operated safely and 
within government regulations. Re-setting of existing 
wing flaps and ailerons safely offsets the load increase 
caused by the addition of winglets and also contributes 
to increased fuel efficiency. An airplane wing modifica 
tion kit comprises a winglet and modified components 
for re-rigging the settings of ailerons and flaps of exist 
ing 727 model airplanes. 

12 Claims, 19 Drawing Sheets 
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SYSTEM FOR INCREASING ARPLANE FUEL 
MILEAGE AND AIRPLANE WING 

MODIFICATION KT 

CROSS REFERENCE 
This application is a continuation-in-part (CIP) of 

application Ser. No. 07/660,772, filed Feb. 25, 1991, 
now abandoned, the specification of which is hereby 
incorporated by reference into the present application. 

BACKGROUND OF THE INVENTION 

The present invention relates to a new and useful 
improvement in airplane performance. More specifi 
cally, the present invention relates to a system for in 
creasing airplane fuel mileage and decreasing drag suit 
able for 727 model aircraft, particularly by means of an 
airplane wing modification kit. 
From the first days of commercial air travel, methods 

and devices for increasing fuel efficiency of commercial 
aircraft have been desired. 

Winglets long have been used in the aircraft industry 
as a method for reducing drag, the retarding forces 
which act on an airplane as it moves through the air. 
Decreased drag results in increased fuel efficiency. 
Winglets are small lifting surfaces attached to the 

outboard end of an airplane wing, commonly at or near 
to a vertical angle from the wing structure. Winglets 
function to relocate the tip vortex of an airplane wing 
further outboard and above the unmodified location. In 
flight, the substantially inward pointing load carried by 
the winglets relocates the wing tip vortex. 
Due to pressure differentials between wing surfaces 

at a wing tip, air tends to flow outboard along the lower 
surface of a wing around the tip and inboard along the 
wing upper surface. When winglets are added, the relo 
cated wing tip vortex caused by the winglets produces 
cross-flow at the winglets, which often are perpendicu 
lar to the flow across the wing surfaces. The side forces 
created by such cross-flow contain forward compo 
nents which reduce drag. 
Various winglet configurations and placements have 

been suggested and are shown in issued patents. Some 
have been used since the earliest days of manned flight. 
See, e.g., Arnoux U.S. Pat. No. 1,095,952, patented May 
5, 1914, and Hackett U.S. Pat. No. 4,190,219, patented 
Feb. 26, 1980, which show the use of winglets. 

In the 1970's, the National Aeronautics and Space 
Administration ("NASA') suggested a modern, trape 
zoidal shape for winglets as a method for reducing drag 
and increasing fuel efficiency. 
NASA also has published a report entitled “KC-135 

Winglet Program Review', NASA conference publica 
tion 2211. The NASA winglets described in that publi 
cation generally are trapezoidal. The leading edge of 
the winglet is at a 38' angle from the vertical and the 
trailing edge is at a lesser angle. The tip chord of the 
NASA winglet is about one-third the length of the root 
or base chord. The NASA winglet in position is canted 
outwardly from the wingtip at a cant angle of 15 and 
positioned toward the trailing edge of the wing. 
Airframe manufacturers also have proposed the use 

of winglets. Ishimitsu U.S. Pat. Nos. 4,205,810, patented 
Jun. 3, 1980 and 4,245,804, patented Jan. 20, 1981, dis 
close winglets. The earlier Ishimitsu '810 patent shows 
and describes winglets which are vertically positioned 
with respect to the wings and are not canted outwardly. 
The later Ishimitsu '804 patent shows and describes 
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2 
winglets which are canted outward, enabling greater 
control of the winglet center of gravity to alleviate 
wing flutter, or oscillation. A strake, or band, having an 
aerodynamically contoured leading edge is added be 
tween the leading edge of the winglet and the upper 
surface of the wing. 

Performance improvements obtained as a result of 
winglet additions are reduced drag and increased wing 
buffet margin. Wing buffet occurs when lift on a wing is 
so great that it causes flow separation and wing stall, 
and subsequently limits the boundary for the aircraft. 
The reduction in drag brings increased aircraft fuel 
mileage at all altitudes, while the increased buffet mar 
gin allows the aircraft to fly at higher altitudes where 
fuel mileage is increased. 
While winglets have been shown to increase fuel 

mileage in 727 model aircraft, the addition of winglets 
also creates a major operational problem. Inherent in 
the way that a winglet functions to reduce drag is the 
tendency of the winglet to increase wing bending and 
shear loads over the outboard portion of the wing. Such 
loads are further increased when a winglet is canted 
outward from the vertical. 

Winglets could have no beneficial effect without also 
inducing this load increase. However, as the wing struc 
ture of 727 model aircraft originally was designed only 
to carry the load of an unmodified wing, it is a difficult 
problem to sustain the higher load introduced by the 
addition of a winglet while simultaneously maintaining 
margins of safety that satisfy Federal Aviation Adminis 
tration regulations. The excessive wing loads and stress 
caused by the addition of winglets has made them im 
practical for use in 727 model aircrafts. The alternative, 
reinforcement of existing wing structure to support the 
winglets, is extremely expensive. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
system which will enable 727 modeljet aircraft to oper 
ate at greater fuel efficiency while complying with all 
relevant Federal Aviation Administration (“FAA') 
regulations. 

It is another object of the present invention to enable 
the utilization of winglets to increase fuel mileage 
achieved by 727 model jet aircraft without the need for 
substantial structural alterations to existing wing struc 
ture of the aircraft. 

It is still another object of this invention to provide a 
retrofit or airplane wing modification kit for existing 
three-engine B-727 model jet aircraft which enables the 
utilization of winglets to increase fuel mileage and pro 
vides a means of redistributing wing bending and shear 
loads typically produced by the addition of winglets. 
The present invention is an improvement on the prior 

art and discloses a novel airplane wing modification kit 
which enables aerodynamically designed winglets to be 
utilized to increase fuel mileage of all existing 727 model 
aircraft without necessitating substantial and costly 
structural modifications previously thought to be neces 
sary to comply with FAA regulations. 

Existing inboard and outboard aft wing flaps and 
inboard wing ailerons are repositioned to redistribute 
the loads added by the winglets and further decrease 
drag and increase fuel mileage. The flaps and ailerons 
are re-rigged such that their permanent neutral settings 
are reset. 
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The resetting of the flaps and ailerons, so that they 
extend partially away from the trailing edge of the 
wing, is known as "droop'. This "droop” has the bene 
ficial effect of offsetting load increases caused by the 
addition of the winglets, reducing aerodynamic drag, 
and allowing modified 727 aircraft to be operated safely 
and within FAA regulations. 
The system is particularly useful in the modification 

of existing Boeing Model 727 aircraft having JTSD 
7/9/15/17 engines, and particularly with those aircraft 
re-engined so as to meet FAR Part 36, Stage 3, noise 
level requirements. The components of the system may 
be combined in an airplane wing modification kit for 
retrofitting existing airplanes. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a rear perspective view of a 727 aircraft 
modified in accordance with the present invention; 

FIG. 2 is a front elevational view of a 727 aircraft 
modified in accordance with the invention; 
FIG. 3 is a top perspective view of a composite 

tip/winglet assembly; 
FIG. 4 is a side elevational view of an airplane wing 

modified with a composite tip/winglet assembly; 
FIG. 5 is a front elevational view of a composite 

tip/winglet assembly; 
FIG. 6 is a top plan view of a winglet; 
FIG. 7 is a rear elevational view of a winglet; 
FIG. 8 depicts the camber of a winglet taken along 

section line 8-8 of FIG. 7; 
FIGS. 9A-9I depict airfoil sections of a winglet, 

showing cross-sectional geometry of the winglet along 
section lines A-A through I-I of FIG. 7; 

FIG. 10 is a cross-sectional, elevational view of the 
inboard flap assembly, showing the modification of the 
present invention; 
FIGS. 11(a), 11(b), and 11(c) show the changes to the 

airseal retaining structures of the inboard flap assembly 
of the present invention, with FIG. 11a showing a rear 
perspective view of the locations of modifications to the 
airseal retaining structures, and FIGS. 11b and 11c 
showing rear perspective views of the modified airseal 
retaining structures; 
FIGS. 12(a) and 12(b) show the changes to the airseal 

retaining structures of the outboard flap assembly of the 
present invention, with FIG. 12a showing a rear per 
spective view of the locations of modifications to the 
airseal retaining structures, and FIG. 12b showing a 
rear perspective view of the modified airseal retaining 
structure; 

FIG. 13 is a plot of measured fuel mileage and pre 
dicted fuel mileage by 727 aircraft modified with wing 
lets of the present invention; 
FIG. 14 is a plot of measured fuel mileage and pre 

dicted fuel mileage obtained through use of the winglets 
together with the flap and aileron modifications of the 
present invention; 
FIG. 15 is a plot of aircraft drag coefficient, derived 

from fuel mileage measurements, versus airspeed for 
727 aircraft modified in accordance with the present 
invention; 
FIG. 16 is a plot of drag, derived from engine pres 

sure ratio measurement, versus airspeed for 727 aircraft 
modified in accordance with the present invention; 
FIG. 17A is a plot of fuel mileage versus cruise alti 

tude of a 727 aircraft with winglet and flap and aileron 
modifications of the present invention, with the airplane 
traveling at an airspeed of Mach 0.79; 
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4. 
FIG. 17B is a plot of buffer boundaries in relation to 

airplane gross weight and cruise altitude of a 727 air 
craft with winglet and flap and aileron modifications of 
the present invention, with the airplane traveling at an 
airspeed of Mach 0.79; 
FIG. 18 is a plot of fuel mileage versus cruise altitude 

of a 727 aircraft with winglet and flap and aileron modi 
fications of the present invention, with the airplane 
traveling at an airspeed of Mach 0.82; 
FIG. 18B is a plot of buffer boundaries in relation to 

airplane gross weight and cruise altitude of a 727 air 
craft with winglet and flap and aileron modifications of 
the present invention, with the airplane traveling at an 
airspeed of Mach 0.82; and 
FIG. 19 is a plot of percent improvement in fuel 

mileage versus airplane gross weight for 727 aircraft 
modified in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention contemplates an airplane wing 
modification system for increasing the fuel mileage of 
an airplane. The modification comprises a kit which 
includes outwardly canted winglets to replace the exist 
ing wingtip structures together with apparatus for 
changing the neutral positions of existing wing flaps and 
ailerons. The combination of these changes working 
together increases fuel mileage of the modified aircraft. 
The flaps of an airplane are used during take-offs and 

landings, and the ailerons are used to control lateral 
movements of the airplane in all phases of flight. There 
are two sets of flaps and ailerons on each 727 model 
aircraft wing. 

Flaps and ailerons on unmodified 727 model aircraft 
wings are ineffective in distributing increased loads 
caused by the addition of winglets to the wing. The flap 
and aileron modifications of the present invention com 
pensate and also redistribute the increased loads caused 
by the addition of winglets inboard of the wings, nearer 
the fuselage, enabling the wing to function with the 
addition of winglets and substantially contributing to 
net increased wing efficiency. 
The novel modulated flap and aileron modifications 

of the present invention enable the installation of wing 
lets on the vast, existing 727 model aircraft fleet. The 
design of the present invention avoids the need for 
active control surfaces or substantial wing structural 
modifications inboard of the tip area. 
The unmodified 727 model wing, originally designed 

in the early 1960's, is derived from wings developed at 
a time when aircraft flew at low Mach numbers, and a 
primary goal was to produce low skin friction drag. At 
high Mach number speeds, such as those achieved by 
the 727 model aircraft, strong shock waves form on the 
upper wing surface of the unmodified wing. This causes 
a large increase in drag as the airplane Mach number 
increases as well as other non-linear effects such as pitch 
and lift divergence. Further, as fuel efficiency was not a 
predominant concern, the wing aspect ratio chosen was 
fairly low. 
The combination of the existing 727 model wing 

design and low aspect ratio creates the following defi 
ciencies: (a) relatively high lift-induced drag; (b) rapid 
increase in drag with increased Mach number (early 
drag rise); (c) early onset of wing buffet at typical cruise 
Mach numbers; and (d) appearance of pronounced 
nose-down pitch at relatively low Mach numbers. The 
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system of the present invention economically reduces 
these deficiencies to facilitate the addition of winglets. 
A crucial limitation to adding winglets to the 727 

wing is that stress analysis of the wing shows the mid 
span portion of the wing to have a very small load 
margin of safety, on the order of only 1%, which was 
insufficient for the anticipated additional bending mo 
ment and shear loads caused by the winglet alone with 
out compensating design changes. This structural prob 
lem is solved by the lift provided by the modifications, 
or modulated "droop', of the present invention to exist 
ing ailerons and flaps. 

Existing 727 model wing flap assemblies are triple 
slotted and consist of three flap segments, the forward 
vane, the mid flap, and the aft flap. In the design of the 
present invention, only the aft flap segments are re 
rigged, and serve to prevent loads from exceeding safe 
levels over the critical mid-span region. 
The flap and aileron "droop' produces substantial 

aerodynamic benefits to the wing. The "droop” has the 
effect of moving some of the lift further aft on the air 
foil, simulating one aspect of a modern aft-loaded super 
critical airfoil and resulting in substantial reduction in 
the drag increase with Mach number (early drag rise). 
This accounts for about half the total drag reductions of 
the present invention at typical cruise conditions. 
The modulated "droop' of the present invention to 

wing flaps and ailerons also produces a further aerody 
namic benefit to the aircraft by increasing the wing 
buffet margin by about 8%. Wing buffet occurs when 
the lift on the wing is so great that it causes flow separa 
tion and wing stall, and subsequently limits the opera 
tional range of Mach number and lift coefficient for the 
aircraft. Wing buffet is detrimental and increases at 
higher altitudes. The modulated "droop' of the ailerons 
and flaps increases the lift coefficient at which the flow 
starts to separate from the upper surface of the airfoil 
causing induced buffet. The higher buffet margin allows 
the wing to be operated at higher lift coefficients and 
thus the aircraft to be flown at higher altitudes. At these 
higher altitudes, the fuel consumption is less, by about 
6.5%. Aircraft maneuverability also is improved by 
increased buffet margins, since the 727 wing is limited 
by maneuver margin requirements to about 1.3 g from 
buffet margin. The design changes to effect modulated 
"droop' make the addition of winglets of the present 
invention commercially feasible. 

Generally, as shown in FIGS. 1 and 2 of the draw 
ings, the present invention relates to an airplane wing 
modification kit for B-727 aircraft 8. The modification 
includes the replacement of existing wingtip structures 
of wings 10 with composite tip/winglet assemblies 12, 
as best seen in FIG. 3. The modification also includes 
the resetting of inboard aft wing flaps 14, inboard aile 
rons 16 and outboard aft wing flaps 18. 
As best seen in FIG. 4, winglet 13 of composite 

tip/winglet assembly 12 is generally trapezoidal in 
shape. In a presently preferred embodiment, for the 727 
airplane, root chord 27 is about 60' and extends from 
trailing edge 29 of wing 10 to a point aft of leading edge 
30 of wing 11. The leading edge 31 of winglet 13 in 
clines upwardly from a point aft of leading edge 30 of 
wing 10 at a leading edge angle 34 of about 50 from the 
vertical. Tip chord 32 of winglet 13 is about 20' and is 
parallel to root chord 27. Winglet 13 has a span 35 of 
about 60', as shown in FIG. 5. Composite tip/winglet 
assembly 12 desirably is fabricated from a composite of 
epoxy glass reinforced with carbon fibers. 
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6 
Composite tip/winglet assembly 12 is mounted to 

wing 10 such that winglet 13 cants outward from the 
wing at an inclination angle 36 of about 25° from the 
vertical, as shown in FIG. 5. The outward cant of the 
winglet aids in eliminating wing flutter, while increas 
ing wing load. Winglet 13 gradually decreases in thick 
ness between root chord 27 and tip chord 32; however, 
airfoil geometry is constant throughout its length. Pref. 
erably, maximum thickness ratio tyc is 0.075 throughout 
winglet 13, where t is the thickness dimension of wing 
let 13 and c is the chord length at any particular point 
along the height of winglet 13. 
As best seen in FIGS. 6 through 9I, winglet 13 is 

contoured such that camber increases gradually from 
tip chord 32 to root chord 27. Such contouring mini 
mizes in-flight profile drag caused by winglet 13. FIG. 
8 shows that, when viewed along its chordal plane, root 
chord 27 is toed out, or twisted, at a maximum twist 
away from the aircraft fuselage of 3. FIGS. 7 and 
9A-9I illustrate the winglet loft definition, showing the 
variation in airfoil sectional shapes of winglet 13 along 
its height, at section lines A-A through I-I, respec 
tively. 

In installation of the composite tip/winglet assembly 
12, as shown in FIG. 3, the original wing tips are re 
moved to a spanwise location on the wing 10 at about 
wing buttock line (“WBL') 602.5. Each composite 
tip/winglet assembly 12 is attached at WBL 602.5 and 
at WBL 625.0 to wing spar joints 40, 41 of wing 10 via 
upper and lower composite skin panels 24 and spar 
joints 45, 46 of assembly 12. Composite tip/winglet 
assembly 12 is mounted to airplane wing 10 at existing 
closeout rib 11. 
The composite tip/winglet assembly 12 incorporates 

the existing mechanical systems found in the original 
wing tip, specifically anti-collision lights, fuel dumping 
and fuel venting mechanisms, and trailing edge logo 
lights. 

All existing systems and structures, namely naviga 
tional, anti-collision and logo lights, wing tip fairing, 
flux valve, upper surface panel, fuel vent and vent pipe, 
fuel dump pipe, secondary wing structure, and front 
and rear spars are removed from the existing wing 
structure 10 during installation and then are replaced. 
System mount points are prepared inside tip/winglet 
assembly 12 for reinstallation of existing systems. A 
winglet mount tool is installed into existing wing struc 
ture 10. Composite tip/winglet 12 is installed into the 
winglet mount tool. Existing spar joints 40, 41 are 
drilled, trimmed and spliced to composite spars 45, 46 
using shear pins. Existing systems then are reconnected. 
Upper and lower composite skin panels 24 are trimmed 
to create an aerodynamically smooth surface and con 
nected to composite tip/winglet assembly 12 via pins. 
"Droop” is accomplished by changes to standard 

rigging settings. As seen in FIG. 10, aft flap modifica 
tions are made by re-rigging the aft flaps permanently 
downward from their unmodified neutral positions and 
replacing the existing push rods which operate both the 
inboard and outboard flaps, as existing flap push rods 
are not sufficiently long to permit the required modifi 
cations of the flap settings. FIG. 10 shows inboard aft 
flap 14 permanently re-rigged in accordance with the 
present invention. In a preferred embodiment, inboard 
aft flap 14 is re-rigged such that its permanent position 
is 7 downward from the unmodified neutral position. 
Outboard aft flap 18 also is re-rigged downward from 
the unmodified neutral position. In a preferred embodi 
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ment, outboard aft flap 18 is re-rigged such that its 
permanent position is 3.0 downward from the unmodi 
fied neutral position. Skin extension strip 52 is added to 
extend lower skin 53 of mid flap 50 as shown in FIG. 10. 
Existing push rod 54 has been lengthened in accordance 
with the modified aft flap position as shown in FIG. 10. 

Aileron deflection is accomplished by differential 
changes to standard rigging settings in existing aileron 
control systems. In a preferred embodiment, inboard 
ailerons 16 are deflected downward 2 from the unmod 
ified neutral position. 
Thus, existing ailerons and flaps are re-rigged from 

the unmodified 727 wing structure in the fully retracted 
state to new, permanent positions such that their trailing 
edges in the fully retracted state extend downward from 
their unmodified, neutral positions as follows: 

Control Surface Change from Neutral Setting 
Inboard aft flap Deflected downward 7.0 degrees 
Inboard aileron Deflected downward 2.0 degrees 
Outboard aft flap Deflected downward 3.0 degrees 

These settings result in "droop” of the ailerons and 
flaps. 
As best seen in FIGS. 11a, 11b, 11c and 12a and 12b, 

existing airseals between midflaps 50 and 51 and each of 
the aft flaps 14 and 18, respectively, are moved aft by 
means of modified structure. An existing airseal 55 is 
located within an airseal retaining member 56 as shown 
in FIG. 10. As shown in FIGS. 11b, 11c and 12b, exist 
ing airseal retaining members 56, 57 and 58 are moved 
aftward, whereupon the existing airseal for the respec 
tive inboard and outboard flap assemblies can be re 
mounted. 
The installation of this winglet system and modifica 

tions can be performed within about five days by quali 
fied mechanics. 
Adding the winglets and modifying the aileron and 

flap settings has been found to result in a substantial 
reduction in fuel use. FIG. 13 shows a plot of in-flight 
measured fuel mileage of a 727 aircraft with winglets, 
and aileron and flap modifications in accordance with 
the invention, versus predicted fuel mileage using a 
performance model for the basic 727 JT8D-7B powered 
aircraft. The source of the data was measured fuel flow 
using three calibrated fuel flow meters. The plot shows 
the baseline data (open circles) as compared to the 
winglet system modification data (filled squares). The 
improvement in fuel mileage resulting from use of the 
winglet system varies between 2.5% and 4.2%, the 
higher figure corresponding generally to high altitude/- 
weight conditions, and conversely for the lower figure. 
These results are about 1% higher than theory would 
predict. 
FIG. 14 shows a similar plot for the winglet system 

with modified settings of flaps and ailerons, or "droop'. 
Once again, the baseline data are open circles, and the 
modified configuration is represented by the filled trian 
gles (the open squares are based on the winglet configu 
ration from the data of FIG. 13). The fuel mileage in 
provement is seen to vary between 5.8% and 4.5%. The 
greater improvement occurs generally at higher Mach 
numbers, and diminishes at low weight and lower Mach 
number. 
Drag coefficient also has been shown to improve 

using the winglet system of the present invention. FIG. 
15 shows airplane drag coefficient (Cd) versus airspeed 
(Mach) for 727 aircraft modified in accordance with the 
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8 
present invention, for three lift coefficients. Generally, 
the drag reduction increases with both lift coefficient 
and Mach number. 

In addition to high speed drag reductions, reducing 
low speed drag by about 3% increases the take-off 
weight by 5,000 lbs., so that a greater payload may be 
carried, or a shorter runway may be used for take-off. 
FIG. 16 shows drag calculated from engine pressure 

ratios for a 727 aircraft modified in accordance with the 
present invention. The results shown in FIG. 16 exhibit 
very similar improvement trends to those obtained from 
the fuel mileage data shown in FIG. 15. The specific 
percent drag reductions differ, but the overall improve 
ment is close to that derived from the fuel mileage data. 
In both cases, two primary areas of improvement are 
seen. First, the drag reduction increases with increasing 
lift coefficient at low or high Mach number, the direct 
effect of the winglets, which reduce lift dependent drag. 
Second, the drag reduction increases as Mach number 
increases, the effect of the "droop' change that effec 
tively increases the drag divergence Mach number of 
the wing (the Mach number at which the drag starts to 
go up very rapidly). Further, it has been found from 
flight tests that the airplane has noticeably better climb 
and initial cruise altitude capability. 

Fuel mileage trends are summarized in FIGS. 17A, B 
and 18A, B. These plots show fuel mileage against 
cruise altitude for three gross weight conditions. The 
calculations have been made for the unmodified 727-200 
aircraft and for 727-200 model aircraft with the "droop' 
modification of the present invention. FIGS. 17A, B are 
for an airspeed of Mach 0.79 while FIGS. 18A, B are for 
an airspeed of Mach 0.82. 
The improved fuel mileage for both the winglet and 

"droop' modifications is evident from the comparisons. 
At the optimum cruise altitude, ignoring buffet margins, 
the improvement is between 5.2% and 5.6% for Mach 
0.79, and between 5.7% and 6.0% for Mach 0.82. How 
ever, if buffet margin constraints are imposed on the 
aircraft, the increase is about 6.5% at Mach 0.79 and 
about 7.2% at Mach 0.82. 

FIG. 19 summarizes the results for a 727-200 model 
airplane modified in accordance with the invention, 
including both winglets and "droop' modifications, and 
also as re-engined, showing compounded increases in 
fuel mileage of about 16%. 
Thus, the improvements of the present invention are 

amplified by combining the present modifications with 
a re-engining of the airplane to meet Stage 3 noise level 
requirements. The re-engining system is that shown and 
described in U.S. Pat. No. 4,836,469, patented Jun. 6, 
1989, which is incorporated by reference herein. 

It should be apparent to those skilled in the art that 
other modifications could be made in the device with 
out departing from the spirit and scope of the invention. 
We claim: 
1. A method for increasing fuel mileage and decreas 

ing drag in an existing 727-type jet airplane, comprising: 
a removing an existing wing tip on each airplane 

wing; 
b. mounting a winglet to the outboard end of each 

airplane wing; 
c. re-rigging the fixed positions of inboard ailerons of 

each airplane wing downward to new, fixed posi 
tions such that trailing edges of said re-rigged aile 
rons are downward of the unmodified neutral posi 
tions of said trailing edges of said ailerons; and 
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d. re-rigging the fixed positions of inboard and out 
board aft flaps of inboard and outboard flap assem 
blies of each airplane wing downward to new, 
fixed positions in such manner that trailing edges of 
said re-rigged aft flaps are downward of the un 
modified neutral positions of said trailing edges of 
said aft flaps; 

whereby during flight said winglets reduce drag and 
increase fuel mileage, and said re-rigged inboard and 
outboard aft flaps and inboard ailerons redistribute in an 
inboard direction wing bending and shear loads caused 
by the addition of said winglets to said airplane wings 
and contribute to increasing the drag divergence Mach 
number, the wing buffet margin and fuel mileage. 

2. The method of claim 1, wherein the leading edge 
angle of each winglet is set at about 50 from the verti 
cal plane extending from the leading edge of each air 
plane wing. 

3. The method of claim 1, wherein each winglet is 
mounted on the tip of each airplane wing at a cant angle 
of about 25. 

4. The method of claim 1, wherein the root chord of 
each winglet is twisted away from the fuselage of said 
airplane. 

5. The method of claim 4, wherein the twist of said 
winglet root chord is not greater than about 3. 

6. The method of claim 1, wherein: 
a positions of existing inboard aft flaps are re-rigged 
downward from the unmodified neutral position by 
about 7.0 degrees; 

b. positions of existing inboard ailerons are re-rigged 
downward from the unmodified neutral position by 
about 2.0 degrees; and 

c. positions of existing outboard aft flaps are re-rigged 
downward from the unmodified neutral position by 
about 3.0 degrees. 

7. The method of claim 1, wherein: 
a. the leading edge angle of each winglet is set at 

about 50 from a vertical plane extending from the 
leading edge of the airplane wing; 

b. each winglet is mounted on the tip of the airplane 
wing at a cant angle of about 25; 
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c. the root chord of each winglet is twisted not more 

than 3 away from the fuselage of the airplane; 
d. positions of existing inboard aft flaps are re-rigged 
downward from the unmodified neutral position by 

5 about 7.0 degrees; 
e. positions of existing inboard ailerons are re-rigged 
downward from the unmodified neutral position by 
about 2.0 degrees; and 

f. positions of existing outboard aftflaps are re-rigged 
downward from the unmodified neutral position by 
about 3.0 degrees. 

8. An airplane modification kit for adapting an exist 
ing 727-type jet airplane so as to have increased fuel 
mileage and to meet governmental safety regulations, 

15 comprising: 
a. at least one winglet adapted to be mounted to a tip 
of each wing of said airplane; 

b. means for re-rigging the fixed neutral positions of 
inboard ailerons of said wing to fixed drooped 
positions downward of unmodified neutral posi 
tions of said ailerons; and 

c. means for re-rigging the fixed neutral positions of 
inboard and outboard aft flaps of said wing to fixed 
drooped positions downward of unmodified neu 
tral positions of said aft flaps; 

whereby at least some of the kit components are 
adapted to be substituted for existing components of 
said wing to modify said airplane to increase fuel mile 
age and decrease drag. 

9. The airplane modification kit of claim 8, further 
comprising a composite tip/winglet assembly adapted 
to be mounted to an outboard tip of the wing of said 
airplane. 

10. The airplane modification kit of claim 8, wherein 
35 said winglet is made of a composite of epoxy glass and 

carbon fibers. 
11. The airplane modification kit of claim 8, wherein 

the thickness to chord ratio of said winglet remains 
constant through the height of said winglet. 

12. The airplane modification kit of claim 8, wherein 
the maximum thickness ratio tMc is 0.075, where t is the 
thickness dimension of said winglet and c is the chord 
length at any particular point along the height of said 
winglet. 
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